W’-NITROSONORNICOTINE (NNN) 


This substance was considared by a pravious Working Group, in October 1977 (IARC, 
1978). Since that time, new data bave become available, and these hâve been incorporated 
into the monograph and taken irto account in the présent évaluation. 


1. Chemical and Physical Data 

1.1 Synonyms and trade names 

Chem. Abstr. Services Reg. Nos : 80508-23-2; 16543-55-8': 84237-38-7 2 

Chem. Abstr. Names ; Pyridine, 3-(1-nitroao-2-pyrrolidinyi}-; pyridine, 3-(1-nitroso-2-pyr- 
rolidinyl)-,(S)-'; pyridine, 3-(1-nitroso-2-pyrrolidinyl)-, (+,-)-* 

IUPAC Systematic Name: l’-Demethyl-l'-nitrosonicotine 

Synonyms: 1 -Demethyl-1'-nitrosonicotine; l’-desmethyl-l’-nitrosonicotine; 

l’-nitroso-l’-demethylnicotine; W-nitrosonornicotine; l’-nitrosonornicotine; nitroso- 
nornicotine; 1 -nitroso-2-<3-pyridyl)pyrrolidine; 3-(1-nitroso-2-pyrrolidinyl)pyridine 

1.2 Structural and molecular formulae and molecular weight 


D 


CgH» N 3 0 


Mol. wt 177.2 


1.3 Chemical and physical properties of the pure substance 

(a) Description: Yellow oïl that solidifies on standing in the cold 

(b) Boiiing-point 154°C at 0.2 mm (Hu et al., 1974) 


'The Chemical Abstracts Services Reglstry Number and Nama rater to a single stereoisomer (S). 

2 The Chemical Abstracts Services Registry Number and Name refer to the racemïc mixture that was synthesiied 
and used In the blological studies reported in this monograph. 
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(c) Mailing-point 47°C 

(d) Spectroscopy data : Mass (Hecht et al., 1981a), ultraviolet, infrared, and nucfear 
magnetic résonance spectra (Hu et al., 1974) hâve been reported. 

(e) Reactivity. Can be reduced to the corresponding hydrazine with lithium alu¬ 
minium hydride (Neurath & Duenger, 1966). For formation of W-nitrosonornico- 
tine-1-.V-oxide, see Hecht et ai (1980a). For other reactions, see Chen et ai (1979) 
and Hecht et al. (1979). 


1.4 Technical Products and impurities 

NNN is not produced commercially. 


2. Production, Use, Occurrence and Analysis 


2.1 Production and use 


NNN was prepared by Boyland et ai (1964) by treating nornicotine with sodium nitrite in 
diîute hydrochloric acid. Using a variation of this procedure, Hu et al. (1974) obtained a yield 
of 93%. It has also been made by the reaction of nicotine-W’-oxide with nitrites or nitrogen 
dioxide (Klimisch & Stadler, 1976). 


When nicotine was reacted with five équivalents of sodium nitrite in aqueous solution at 
90°C for 3 h at pH 3.4-4.2, NNN was the identified reaction-product formed in the second 
highest yield (8.8% of the starting nicotine) (Hecht et al., 1978a). 

No evtdence was found that NNN has ever been produced in commercial quantities or 
that it has any uses other than as a laboratory Chemical. 


2.2 Occurrence 

(a) Tobacco and tobacco smoke 

NNN has not been detected in freshly harvested tobacco (Hecht et ai, 1978a); however, 
it was detected in freshly homogenized, leaf-cured tobacco (Andersen et al., 1982). 

NNN has been reported to be produced by nitrosation of nicotine, the most prévalent 
alkaloid in commercial tobacco, and only to a minor extent from the tobacco alkaloid, nornic¬ 
otine, during the curing, ageing, Processing and smoking of tobacco (Hecht et ai, 1978b). 
NNN has been found in tobacco at levels of 0.2-130 mg/kg, in snuff products at 0.8-77 
mg/kg, in chewing tobacco at 1.0-90.6 mg/kg, and in cigarette smoke (mainstream) at 0.1-3.7 
pg/cigarette (Hoffmann et ai, 1974; Klus & Kuhn, 1975; Hoffmann ef ai, 1976; Munson & 
Abdine, 1977; Hoffmann'ef ai, 1979; US Department of Health and Human Services, 1981; 
Andersen et al., 1982; Brunnemann et ai, 1983a; Chamberlain & Arrendale, 1983; Hoffmann 
& Hecht, 1983). Additiona! quantities of NNN may be formed in the oral cavity during oral 
use of snuff or tobacco (Hoffmann ef ai, 1980a; Hoffmann & Adams, 1981 ; Brunnemann et 
ai, 1983a; Sipahimalani et ai, 1984). 
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Two studios reported no corrélation between nicotine content and NNN levels in 12 
flue-cured tobacco samples (Brunnemann et al., 1983b; Chamberlain & Arrendale, 1983). 

Table 1 summarizes the data obtained from analyses of smoke from selected commer¬ 
cial cigarettes with and without filter tips and shows the effectiveness ot the tilters of ciga¬ 
rettes D and E in decreasing the occurrence levels of NNN (Hoffmann et al., 1982). 


Table 1. Réduction of nicotine and NNN concentrations in cigarette smoke by filtration 1 


Cigarette Lengthsmokéd/ Nicotine NNN 

length of cigarette (mm) (mg/cigarette)*» - 


NNN 

(pg/cigarattep 



* NF 

50/65 

1.6 

0.8 

F 

50/85 

1.1 (-40%) 

0.5 (-44%) 

S NF 

50/65 

1.8 

0.5 

F 

50/85 

1.3 (-29%) 

0.3 (-39%) 

3 NF 

50/65 

1.7 

0.8 

F 

50/85 

1.2 (-30%) 

0.5 (-38%) 

□ NF 

50/65 

1.6 

1.1 

F 

50/85 

1.1 (-34%) 

0.3 «9%) 

E c NF 

50/73 

1.6 

1.8 

F 

50/100 

1.1 (-34%) 

0.5 (-71%) 


■Data from Hoffmann et al. (1982) 

b fn parenthèses, percentage changes in ylelds on comparing filtered (F) and non-fritered (NF) smoke 
c Perforated filter tip 




Nicotine and NNN concentrations found in cigarette and cigar tobaccos, in both their 
mainstream (during puff drawing) and sidestream (generated during smouldering of tobacco 
in between pufts) smoke, and in pipe and chewing tobacco are presented in Table 2. 

In studies with [2’- I4 C]NNN, the NNN in tobacco smoke was demonstrated to be partially 
formed during smoking; however, 40-50% were shown to originate from NNN in the tobacco 
by direct transfer into the mainstream smoke. Approximately 46% of the NNN in the smoke 
of a US, blended, non-fiiter cigarette originated from the tobacco, whereas the rest was 
formed during smoking. In the case of a French, dark-tobacco cigarette with alkaline smoke, 
the transfer of NNN from the tobacco,into the smoke was about 41%: therefore, the balance 
of 59% was formed during smoking (Hoffmann et al., 1980b; Adams ef al., 1983b). 
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Table 2. NNN concentrations in cigarette, cigar, pipe and chewing tobacco, and cigarette 
and cigar mainstream and sidestream smoke* 


Tobacco product* 


Qurlsy cigar etta, NF 
Bright cigarette, NF 
Commercial cigarette, NF 
Commercial cigarette. FA 
US cigarettes** 

F 

NF 

NF, 70 mm 
F. menthol 
F, light 
F, ultra-if ght 
US cigarette, N F* 

Kentucky 1R1* 

Kentucky 1R1, NF 

German (Fédéral Republic) cigarettes 1 
Brand A, NF 
Brand B, NF 
Brand C, FA 
Grand O, FA 
Brand E, FA 
Brand F, FA 


NNN concentration 
In tobacco 

(mg/kaf 


In mainstream 
smoke 


In sidestream 

smoke 

<pg/“gJ 


Commercial French cigarette, 

2.9 

o!s 


NF, 70 mm 

Commercial French cigarettes. 

FA, 70 mm 

2.7 

05 


NF 

11.9 

3.2 


FA 

11.9 

0.0 

_ 

FP 

11.9 

0.7 


Brilish cigarette, NFS 

0.3 


_ 

Utile cigar, FA 

Cigar (Coiumbtan tobacco) (5.7 g) 

45.0 

5.5 

0.9 

10.7 

3.2 

16.6 

Clgab 1 

2,9 

_ 

_ 

Locse-feaf tobacco" 

1.2 



Fine-cut chewing tobacco 

39.0 

NA» 

NA 

Fîne*cut chewing tobacco* 

45.6 

NA 

NA 

Ja panes® tobacco s 1 

Cigarette 1 

1.1 

— 


Cigarette 2 

D 

— 

„ 

Cigarette 3 

D 



Cigarette 4 >> 

0 

— 

.. 

Cigarette 5 

O 

— 


Cigarette 6 

ND 

_ 

„ 

Kiserv tobacco 

1.8 

— 


Pipe tobacco 1 

D 



Pipe tobacco 2 

ND 

„ 


Pipe tobacco 3 

ND 



Chewing tobacco» 

Scrap-leât A 

3.5 

NA 

NA 

Scrap-leal B 

3.9 

NA 

NA 

Scrap-leaf C 

8.2 

NA 

NA 

Plug A 

3.4 

NA 

NA 

Plug B 

4.3 

NA 

NA 

Fine*cut 

90.6 

NA 

NA 

Indian tobacco for betol quld 

2.4 

NA 

NA 

Plpe^tobaccosl 

1.6 



US 

3.1 

- 

“ 


•Data from Hoffmann at al. (1980a), unlass otherwise notad 

“Ail cigarettes and the litlle cigar were 85 mm long, unlass otherwise notad. Abréviations: NF, non-filtar; FA, cel¬ 
lulose acetate filter; FF, paper fllter; F, unspecified filter 

-Abbreviations: D, présence doubtful; No, not detected (détection limit 0.01 mg/kg (Hecht et al., 1975a)) 
d aata from Brunnemann et al. (1983b); products (excluding Kentucky 1R1) were purchasad In Westtfioster Countv, 
NY, in 1982 

•Data from Adams étal. (1983a); cigarettes and tobacco used were purchased in Westchester County, NY, in 1981 
'Data from Riihl et al. (1980); cigarettes were popolar brands purchased in Berlin in 1979 
sData from Hoffmann sf al. (1976) 'Data from Bharadwaj si al. (1975) 

»NA, not applicable IData from Munson and Abdine (1977) 
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Table 3. Nicotine, nornicotine and NNN concentrations in commercial snuff" 
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Snuff origln 

Type of 
packaging" 

Nicotine 

(9/kg) 

Nomlcetino 

(g/kg) 

NNN 

(mg/kg)" 

USA 

Brand 1 New York and Tennessee 

A 

23.8 

0.6 

39 

Brand II New York and Tennessee 

A 

23.4 

0.5 

26.5 

Brand III New York and Tannasses 

B 

14.5 

0.3 

3.5 

Fédéral Republie o( Germany 

Brand 1 Munich 

C 

5.7 

0.8 

6.7 

Brand II Munich 

c 

5.4 

0.6 

6.1 

Swsden 

Brand 1 Umaâ 

A 

15.2 

0.3 

8.6 

Brand 1 Uppsala 

A 

15.0 

0.3 

6.1 

Brand 1 Lund 

A 

15.1 

0.3 

8.9 

Brand II Umeâ 

A 

16.1 

0.2 

8.4 

Brand II Uppsala 

A 

18.0 

0.2 

5.2 

Brand II Lund 

A 

18.1 

0 2 

10.3 

Brand lli Umeâ 

A 

6.0 

0.05 

7.8 

Brand III Uppsala 

A 

6.2 

0.05 

3.5 

Brand III Lund 

A 

6.7 

0.05 

3.8 

Brand IV Umeà 

A 

11.2 

0.07 

9.7 

Brand IV Uppsala 

A 

11.2 

0.06 

77.1 

Brand IV Lund 

A 

11.4 

0.08 

6.2 

Brand V Umaâ 

D 

21.7 

0.9 

4.7 

Oenmark (3) 

Brand 1 Copenhagen 

E 

n.i 

0.8 

6.4 

Brand II copenhagen 

E 

21.2 

0.9 

4.5 

Brand lli Copenhagen 

E 

30.5 

0.8 

8.0 

Ageing test 3 : 0 time 

— 

— 

— 

4.7 

8 days 

- 


— 

6.3 

Snuff and smokeless tobacco* 

us 

_ 

_ 

_ 

3.2 

us 

- 

“ 

“ 

9.3 


•Data from Hoffmann and Adams (1981), unless ottierwise notad; values ara given for dry snuff, moisture con¬ 
tent about 50% 

‘‘Abréviations: A, waxed-paper container with metalllc tid. containlng approximately 50 g; B, 25 Individual portions 
of approximately 11g packaged In paper in a plastic container; C, plastic foil-üned aluminium bags containlng 100 g; 
D, individual snuff portion in a papor bag packaged in a crlmped airtight aluminium envalope, wrtti 10 envelopea In a 
plastic bag amounting to approximately 10 g; E, hard-plastic container 

"NNN values ara averages of tliree runs. 1 

3 Data from Hoffmann et al. (1982). The aluminium foil-vvrapped package (Swedlsh brand V) was opened at ‘0 tinte'. 

"Data from Munson and Abdine (1977) 


(b) Human tissues and sécrétions 

Formation of additional quantifies of NNN by the reaction of salivary nitrite with nicotine 
or nornicotine during oral use of snuff or tobacco chewing has been implied from in-vitro 
studies (Hoffmann & Adams, 1981), Incubation of fine-cut chewing tobacco (for 3 h at 37°C) 
with saliva resulted in a value for NNN of 127 pg/g, an increase of 44% over the 88,6 pg/g 
found in the original chewing tobacco. A similar value, 133 pg/g, was obtained when fine-cut 
chewing tobacco was extracted with saliva for 18 h at 20°C (Hecht ef al., 1975a), 

Saliva was examined from women who had been long-term oral-snuff users and who were 
employed in two Southern US furniture companies. The wide range in NNN concentrations 
(5.0-125 ng/g) in the saliva of individual users indicated that during oral use of snuff NNN 
is extracted from the tobacco plug at varying rates (Hoffmann & Adams, 1981). 
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In another study, saliva of four women who were long-term (>10 years) oral-snuff users 
was analysed on two different days after they had used a spécifie brand of snuff with known 
concentrations of NNN. The rasults (Table 4) îndicate that the saliva of users contains signif- 
icant amounts of NNN and that the levels vary significantly between subjects, as weil as 
between samples from the same individual taken on different days. The variations in NNN 
values were at least partially explained by différences in the intensity with which individuals 
practised the habit at different times, and perhaps also by varying rates of salivation (Hoff¬ 
mann & Adams, 1981; Hoffmann et al., 1982). 


Table 4. Nicotine, nornicotine and NNN concentrations in snuff and in the saliva of women 
who were long-term oral-snuff users* 


Subjact 

Age 

(years) 

Snuff 



Saliva 6 



Nleotina 

(mg/g) 

Nor- 

rtotina 

("ig/gi 

NNN 

(ug/g) 

Day of 
sampling 

Nicotine 

<mg/g) 

NNN 

(ng/g) 

1 

41 

23.4 

0.05 

26.5 

i 

0.2 

0.2 






2 

0.5 

0.1 

2 

37 

23.4 

0.05 

26.5 

1 

0.07 

0.03 






2 

0.4 

0.1 

3 

44 

23.4 

0.05 

23.1 

1 

1.2 

. 0.4 






2 

1.6 

0.3 

4 

52 

23.6 

0.06 

24.8 

1 

0.2 

0.03 






2 

0.4 

0.06 

•Data from Hoffmann and Adams (1981) 





^Saliva of three women who did not use snuff (Controls) was free of nicotine and tobacco-specific A/-nitrosamines. 



NNN was not detected in the combined gastric juices of 14 volunteers who each smoked 
28 cigarettes per day (Schweinsberg ef al., 1975). [The Working Group noted that analytical 
methods hâve improved since 1975-1977.] 

NNN was found in the saliva of chewers of betel quid with tobacco at levels of 1.2-38 
ng/g [mean, 13.1 ng/g] (Wenke et al., 1984) and 1.6-14.7 ng/ml (mean, 7.5 ng/ml); it was 
also detected in the saliva of phewers of tobacco, at levels of 16.5-59.7 ng/ml (mean, 33.4 
ng/ml) (Nair ef a/., 1985). 


2.3 Analysi3 

Standard methods for the analysis of NNN are described in detail in an IARC manual on 
selected methods of analysis (Egan et al., 1983). 


3. BiologicaE Data Relevant to the Evaluation of 
Carcinogenic Risk to Humans 

3.1 Çarcinogenicity studies in animais 

(a) Oral administration 

Rat A group of 20 male Fischer rats, seven weeks old, was given 200 mg/l NNN (purity, 
>99%; Hu ef al., 1974) in the drinking-water on five days per week for 30 weeks (esti- 
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mated total dose, 630 mg). Animais were killed when moribund or after 11 months, and 
ail animais, except those lost by cannibalism or autdysis, were necropsied. Ail 12 rats 
necropsied from the treated groups had developed oesophageal tumours (11 papillomas 
and three carcinomas); in addition, one pharyngeal papiiloma and three carcinomas of the 
nasal cavity with invasion of the brain were observed. No tumour was observed in 19 
untreated Controls (Hecht et al., 1975b; Hoffmann et al., 1975). 

A group of 15 female Sprague-Dawley rats, eight weeks old, was given approximately 7 
mg NNN [purification and characterization checked by ultraviolet and mass spectra] per rat 
per day in the drinking-water (354 mg/l) on five days per week for 44 weeks. Ail rats died 
within 46 weeks, and ail had nasal-cavity adenocarcinomas. In addition, one squamous-cell 
papiiloma of the oesophagus, one squamous-cel! papiiloma of the forestomach and one 
hepatocellular tumour occurred in three rats surviving 43 weeks or longer (Singer & Tay¬ 
lor, 1976). [The Working Group noted that no detail concerning parallel or historical contro! 
groups was reported.] 

Groups of 12 male and 12 female Fischer 344 rats, six to eight weeks of âge, received 
0.012% (w/v) NNN (purity, >99%; Hu et al., 1974) in the drinking-water continuously for 36 
weeks (total doses, approximately 3.6 and 3,3 mmol, respectiveîy). The combined incidence 
of oesophageal tumours in animais of both sexes, including squamous-cell carcinomas (six) 
and papillomas, was 23/24 rats by 11 months; ail rats had died by month 12. Nasal-cavity 
tumours, including 15 benign and 15 maiignant tumours, occurred in 21/24 rats. One female 
rat had a trachéal papiiloma. No such tumour was reported in 12 male or 12 female Con¬ 
trols (Hecht et al., 1983a). 

Two groups of 30 male Fischer 344 rats were pair-fed either a control liquid diet or an 
isocaloric liquid diet containing éthanol (6% w/v) starting at nine weeks of âge. Starting at 
13 weeks of âge, rats were placed on control or éthanol liquid diets containing 17.5 mg/l 
NNN (purity, 98%) continuously, seven days per week for the following 27 weeks until each 
animal had consumed 1 mmol NNN (3,2-37 mmol/kg bw). Thereafter, the liquid diets were 
replaced by a standard diet, and rats were maintained until killed when moribund or when 
98 weeks old (mean survival time, 83 weeks). Two control groups consisted of 26 rats re- 
ceiving liquid diet with or without éthanol and receiving three injections per week of 0.9% 
saline solution [number of injections not specified, presumably 56-66]. At the end of the 
sériés of injections, the control rats were switched to standard diet and maintained and 
killed in parallel to the treated rats! Ail of the NNN-treated rats developed head-and-neck 
tumours (nasal cavity, oesophagus and tongue), whereas none of the Controls had a tumour 
at these sites. In the group receiving NNN and éthanol, there were 20 benign tumours [not 
histologically classified], one aesthesioneuroepithelioma, three squamous-cell carcinomas 
and two anaplastic tumours of the nasal cavity; 13 benign tumours [not histologically clas¬ 
sified]; seven squamous-cell carcinomas of the oesophagus; three benign tumours of the 
root of the tongue; and three adenocarcinomas of the lung. In the group receiving NNN but 
no éthanol, there were 11 benign tumours, two aesthesioneuroepitheliomas and five squam¬ 
ous-cell carcinomas of the nasal cavity; 16 benign tumours and nine squamous-cell car¬ 
cinomas of the oesophagus; two benign tumours of the root of the tongue; and one squam¬ 
ous-cell carcinoma of the lung. Among 26 control rats given neither éthanol nor NNN there 
was one lung adenocarcinoma, Among 26 control rats given éthanol, there was one aden- 
oma and one adenocarcinoma of the lung. Each group had a number of other benign or 
maiignant tumours distributed among several tissues and organs, as would be expected in 
ageing rats (Castonguay et al., 1984). 

Hamster. Groups of 10 male and 10 female Syrian golden hamsters, six to seven weeks 
of âge, received 0.016% (w/v) NNN (purity, >99%; Hu et al., 1974) in the drinking-water con- 
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tinuously for 31 weeks (total doses, approximately 1.9 and 2.8 mmol). The experiment was 
terminated after 96 weeks. Papillomas of the nasal cavity deveioped in 4/20 animais and 
papillomas of the trachea in 2/20; one lymphoma of the caecum and one angiosarcoma of 
the liver also occurred. No such tumour occurred in 10 male or 10 female Controls (Hecht 
et al., 1983a). 


(6) Skin application 

Mouse: A group of 20 female Ha/ICR/mil Swiss mice, seven to eight weeks of âge, re- 
ceived thrice-weekiy applications of 0.1 ml of a 0.03% solution of NNN (purity. >99%; Hu et 
al., 1974) in acétone for 50 weeks. No skin tumour deveioped in this group (Hoffmann ef 
al., 1976). [The Working Group noted that no data were availabte on tumours in other 
organs.] 


(c) Subcutaneous and/or intramuscular administration 

Rat Groups of 12 male and 12 female Fischer 344 rats, seven weeks of âge, received 
thrice-weekiy s.c. injections of 10 mg [0.06 mmol] NNN (purity, >99%) in 0.3 ml trioctanoin 
for 20 weeks (total dose, 600 mg; 3.4 mmol). Animais were maintained until they died sponta- 
neously or were killed after 12 months. Malignant tumours of the nasal cavity (15 olfactory 
neuroblastomas and two rhabdomyosarcomes) deveioped in 17/24 rats; in addition, 3/24 
rats deveioped benign nasal-cavity tumours [this category included papillomas, adenomat- 
ous polyps and villous polyps, but the histological types of these three tumours were not 
stated explicitly], and another deveioped a lésion described as a neoplastic nodule of the 
liver. No such tumour was seen in 24 vehicle contrais that received trioctanoin only (Hecht 
ef al., 1980b). 


Three groups of 15-27 male and 15-27 female Fischer 344 rats, nine weeks of âge, re¬ 
ceived thrice-weekiy s.c. injections of NNN (purity, >99%; Hu et al., 1974) in trioctanoin (total 
doses, 9.0, 3.0 or 1.0 mmol/kg bw), or trioctanoin alone (vehicle contrais; 52 animais) for 20 
weeks. Animais were killed when moribund or when only 20% of rats in a group were still 
alive. No animal was still alive after 60, 120 or 130 weeks in the three groups, res- 
pectively; no différence in body weight was observed between treated and contrai animais. 
Nasal-cavity tumours were found in 12/14 males and 15/15 females given the high dose; ali 
were malignant aesthesioneuroepitheliomas, squamous-cell carcinomas, anapiastic carcino- 
mas or spindle-cell sarcomas. In the medium-dose group, 8/15 males and 5/15 females had 
maiignant nasal-cavity tumours, and 3/15 males and 4/15 females had benign nasal-cavity 
tumours (squamous-cell papillomas, transitional-cell papillomas or polyps). In the low-dose 
group, 4/27 males had malignant, and 11/27 males and 12/27 females had benign 
nasal-cavity tumours. Benign oesophageai tumours [histological type not reported] were 
seen in 4/14 males and 3/15 females in the high-dose group. 5/15 males and 2/15 fe¬ 
males in the medium-dose group, and 1/27 males and 1/27 females in the low-dose 
group. In the three groups combined. four rats deveioped benign iîvôr tumours, four, blad- 
der tumours, one, a lung adenocareinoma and 11, lung adenomas. The occurrence of nasal- 
cavity tumours suggests a dose-response relationship. Four benign liver tumours were 
observed in contrais treated with trioctanoin only (Hoffmann et al., 1984). 

Two groups of 30 male Fischer 344 rats were pair-fed either a contrai liquid diet or an 
isocaloric liquid diet containing ethanoi (6% w/v) starting at nine weeks of âge. Starting at 
13 weeks of âge, each animal was injected s.c. with 10 mg/kg bw NNN (purity, 98%) in a 
0.9% saline solution, three times per week until a total dose of 1 mmol/rat (3-2-3.7 mmol/kg; 


M. 
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56-66 injections) had been deliverad. The liquid diets were replaced by a standard diet 24 h 
after the last injection. Rats were killed when moribunü or when 98 weeks old (mean sur- 
vival time, 83 weeks). Two contre! groups maintained on liquid diet with or without éthanol 
received s.c. injections of 0.9% saline solution without NNN [number of injections not speci- 
fîed, presumably 56-66] and were then switched to standard diet. Of the NNN-treated rats, 
22/30 on the diet with éthanol and 26/30 on the diet without éthanol had head-and-neck 
tumours, whereas none were seen in contrais with or without éthanol in the diet. in the 
group receiving NNN and ethanot, there were two benign tumours [not histologically class- 
ified], 17 aesthesioneuroepitheliomas, two squamous-celf carcinomas and one sarcoma of 
the nasal cavity; two benign tumours [not histologically classified] and one squamous-cell 
carcinoma of the oesophagus; and one benign tumour of the root of the tangue. No tung 
tumour was observed. In the group given NNN but not éthanol, there were four benign 
tumours, 18 aesthesioneuroepitheliomas, one squamous-cell carcinoma and one anaplas- 
tic tumour of the nasal cavity; no oesophageal or tangue tumour; and one lung adenoma. 
Among 26 control rats given neither éthanol nor NNN, there was one lung adenocarcinoma. 
Among 26 control rats given éthanol, there was one adenoma and one adenocarcinoma of 
the lung. Each group had a number of other benign or malignant tumours distributed 
among several tissues and organs, as would be expected in ageirtg rats (Castonguay et 
al., 1984). 

Groups of 15 male and 15 femate Fischer 344 rats, six weeks of âge, were given s.c. 
injections of 10 mg NNN, 2',5',5'-trideutero-NNN or 2’-deutero-NNN (purity, >99%; Chen et 
al., 1979) in saline three times per week for 14 weeks (total of 41 injections; total dose, 410 
mg/rat). Ali surviving animais were killed at 21 montas. Controls received s.c. injections of 
saline alone. The mean length of survivai was 13 montas for the animais treated with NNN 
and 15 montas for animais treated with the deuterated compounds. A total of 20 animais 
treated with NNN (males and females combined) had invasive olfactory tumours [unspeci- 
fied]; the corresponding numbers for animais treated with 2\5’,5'-trideutero-NNN and 2’-deut- 
ero-NNN were 15 and 13: no such tumour was seen in contrais. No significant increase in 
the incidence of tumours at other sites was observed (Hecht ef af., 1982a). 

Hamster. Groups of 10 male and 10 female Syrian golden hamsters, eight to 10 weeks 
of âge, received thrice-weekly s.c. injections of 5 mg NNN (purity, >99%; Hu ef al., 1974) 
in saline for 25 weeks (total dose, 375 mg). A group of 10 males and 10 femaies received 
injections of saline only and served as vehicle Controls. Animais were killed when moribund, 
or at termination of the experiment at 83 weeks. Of 19 effective animais, 12 developed single 
papillary tumours of tae trachea within 83 weeks (first tumour after 38 weeks). One animal 
had an adenocarcinoma of the nasal cavity after 45 weeks. No such tumour was observed 
in 17 effective contrais given saline only (Hilfrich et al., 1977). 

A group of 15 male and 15 female Syrian golden hamsters, eight to 10 weeks of âge, 
received 19 s.c. injections of 8.5 mg (0.048 mmo!) NNN (purity, >99%) in 0.3 ml trioctanoin 
on a three-injection-per-week sehedule (total dose, 160 mg [0.91 mmol]). The experiment 
was terminated after 16 montas. Survivai rates were the same in treated and untreated ani¬ 
mais. Among the 28 effective animais in the treated group, five trachéal papiltomas, one lung 
adenoma and one tumour described as an ‘undifferentiated carcinoma of the teg’ were 
reported. A furtaer group of 10 males and 10 females received thrice-weekly s.c. injections 
of 2.5 mg (0.012 mmol) NNN in trioctanoin for 25 weeks. The experiment was terminated 
after 17 montas; after 13 montas, 60% of the treated animais were still alive. Among the 18 
effective animais, one trachéal papiUoma and one adenocarcinoma of the lung were repor¬ 
ted, No respiratory-tract tumour was observed in 30 vehicle contrais receiving trioctanoin 
only (Hoffmann ef af., 1981). 
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(cf) Intraperitoneal administration 

Mouse: Groups of 20 male and 20 female Chester Beatty stock mice, approximately six 
weeks old, were injected i.p. once a week with 0.1 ml NNN [purity unspecified] dissolved in 
arachis oil (2%) for 41 weeks; 14 males and il females died during the first seven monîhs 
with no tumour. Of eight animais that died after the eighth month, seven (five females and 
two males) had multiple pulmonary adenomas. Groups of 15 male and 15 female mice injec¬ 
ted i.p. weekly with arachis oil served as vehicfe Controls; the only tumour reported among 
these 30 control mice was a single lung adenoma in a mouse killed at 11 months (Boyland 
et al-, 1964). These results were confirmed in A/HE mice (Hoffmann ef al., 1976). 

In a screening assay for potential carcinogenicity using pulmonary adenomas as an 
end-poirvt in strain A mice, a group of 21 female strain A/J mice, six to eight weeks otd, 
received thrice-weekly i.p. injections of 1 mg NNN (purity, >99%; Hu état., 1974) in 0.2 ml 
saline for seven weeks (total of 22 injections; total dose, 22 mg [0.13 mmol]) and were held 
w/thout further treatment for an additrona! 30 weeks. A further 23 mice received NNN rn 
trioctanoin by the same schedule; and an untreated control group of 25 mice was avail- 
able. Among the 23 mice that received NNN in trioctanoin, 12 had lung adenomas, one had 
a lung adenocarcinoma, one had an undifferentiated carcinoma of the salivary glands and 
one had a malignant lymphoma. Of the 21 mice that received NNN in saline, 16 had lung 
adenomas and one had an undifferentiated carcinoma of the salivary gland, in untreated, 
saline and trioctanoin contrais, lung adenomas were seen in 1/25, 3/25 and 5/24 mice, res- 
pectively (Hecht et ai, 1978b). 

In another study, female A/J mice, six to eight weeks old, received 22 thrice-weekly i.p. 
injections of NNN (purity, >99%; Hu ef at., 1974) or 2’,5’,5’-trideutero-NNN (purity, >99%; 
Chen étal., 1979) in saline over seven weeks (total dose, 0.12 mmol). Animais were killed 30 
weeks after the last injection. Of the treated mice, 16/24 animais developed lung tumours, 
compared with 7/24 contrais receivlng a saline solution. The total number of lung tumours 
in NNN-treated animais was 29,10 of which were malignant, compared with nine (one malig¬ 
nant) in Controls. No tumour was found in other organs. Of mice treated with 2’,5\S'-tri- 
deutero-NNN, 20/25 had 37 lung tumours, 14 of which were malignant (Castonguay et al., 
1983a). , , 

Hamster. Groups of 21 male Syrian golden hamsters received thrice-weekly i.p. injections 
of NNN (purity, >99%; Hu et al., 1974) in saline for 25 weeks beginning at 13 weeks of âge 
[total dose, 1 mmol (low-dose) or 2 mmol (high-dose)]. The animais were maintained on a 
Irquid diet with or without éthanol, beginning at eight weeks of âge. Of the 21 animais in 
the low-dose group receiving an ethanol-free diet, one developed an invasive nasal-cavity 
tumour (reported to be of olfactory origin but not further classified) and four developed trach¬ 
éal papillonnas. Of the high-dose group receiving an ethanol-free diet,. 5/21 developed 
nasal-cavity tumours (olfactory but not further classified; two invasive), and 9/21 developed 
trachéal papillomas. A number of other tumours were observed: many of these were simi- 
lar to those seen in vehicle Controls, except for an adenosquamous-cell carcinoma of the 
lung. Ethanol did not appear to influence the tumorigenicity of NNN In this study (McCoy ef 
al., 1981a). 

(e) Carcinogenicity of métabolites 

In a screening assay for potential carcinogenicity using pulmonary adenomas as an 
end-point in strain A mice, groups of 25 female A/J mice, six to eight weeks old. received 
thrice-weekly i.p. injections of 0.2 ml 3'-hydroxy-NNN, 4'-hydroxy-NNN or NNN-1-/V-oxide 
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{purity, >99%; Hecht et al., 1980a) in saline for seven weeks (22 injections; total dose, 0.12 
mmol) and were killed 30 weeks later. Twenty-five animais served as untreated Controls, and 
24 vehicie Controls received saline only by the same schedule. Ten untreated Controls had 
a total of 16 lung tumours, two of which were carcinomas [histological type not specifiedl; 
the average multiplicity of lung tumours per mouse was 0.6 + 0.9. Seven vehicie Controls 
had a total of nine lung tumours, one of which was malignant; the average multiplicity was 
0.4 i 0.6 per mouse. Of mice treated with 3'-hydroxy-NNN, 12/25 had a total of 23 lung 
tumours, including six carcinomas, and 0.9 + 1.4 lung tumours per mouse. In mice treated 
with 4'-hydroxy-NNN, 19/25 had lung tumours, with a total of 41 lung tumours, including 13 
carcinomas, and an average multiplicity of 1.6 + 1.5 lung tumours per mouse. Of 25 mice 
treated with NNN-1-N-oxide, 16 had a total of 21 lung tumours, of which six were carci¬ 
nomas; the average multiplicity was 0.8 + 0.7 lung tumours per mouse. Tumours of other 
organs included a gastric papilloma in a mouse treated with 3‘-hydroxy-NNN and an 
angioma of the adrenal medulla in a mouse treated with NNN-1-W-oxide (Castonguay et 
ai, 1983a). 

Rat A group of 12 male and 12 female Fischer 344 rats, six to eïght weeks of âge, was 
given 0.012% (w/v) NNN-1-W-oxide (purity, >99%; Hecht et ai., 1980) in the drînking-water 
(0.012%, w/v) every day for 36 weeks; the experiment was terminated after 104 weeks. 
Oesophageal papillomas developed in 5/12 males and 0/12 females; squamous-cell carci¬ 
nomas of the oesophagus developed in 3/12 males and 3/12 females. Nasal-cavity tumours 
(papillomas and/or carcinomas) were found in 11/12 males and 7/12 females. In addition, 
two pulmonary adenomas and two papillomas of the tongue developed in treated males. No 
such tumour was found in 12 male or 12 female control rats (Hecht ef al., 1983a). 

Hamster. Groups of 10 male and 10 female Syrian golden hamsters, six to seven weeks 
of âge, were given NNN-1-W-oxide in the drinking-water (0.016%, w/v) daily for 31 weeks; 
the experiment was terminated after 96 weeks. No tumour of the nasal cavity or trachea 
was reported (Hecht ef al., 1983a). 


.3.2 Other relevant biological data 

/ 

(a) Experimental Systems 

Toxic effects 

The subcutaneous LD^, of NNN in maie rats observed for eight days was >1000 mg/kg 
bw. In rats that died, haemorrhages were observed in the lungs and abdominal organs and 
epithelial-cell necrosis in the posterior nasal cavities and liver (Hoffmann et al., 1975). 

Effects on reproduction and prénatal toxicity 

No data were available to the Working Group. 

Absorption, distribution, excrétion and metaboiism 

Single intravenous dosas of 3.4-7 mg/kg bw [2’- 14 C]NNN were distributed within 1-5 min 
throughout the tissues of C57BI mice, as determined by whole-body autoradiography. After 
24 h, non-extractable radioactivity was présent in the tracheobronchiat and nasal mucosa, 
liver, submaxiilary and sublingual salivary glands, and oesophagus. Binding to the melanin 
of the eyes and hair was observed in vivo and in vitro (Brittebo & Tjâlve, 1980; Waddell & 
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Marlowe, 1980, 1983). Single intravenous doses of 4-5 mg/kg bw [2’- 14 C]NNN were distribu- 
ted in tissues of Fischer 344 or Sprague-Dawley rats within 5 min of injection. A high uptake 
of radioactivity was seen in the mucosa of the ethmo-, naso- and maxilloturbinates, in the 
submaxillary salivary glands, lachrymal glands, Zymbal glands, tarsal glands of the eyelids, 
préputial glands, oesophagus and tongue, and in the contents of the stomach. After 24 h, 
non-extractable radioactivity was présent in the nasal, tracheobronchial and oesophageal 
mucosa, and in the liver (Brittebo & Tjàlve, 1981). 

Male Fischer 344 rats that received a subcutaneous injection of 3-300 mg/kg bw 
[2’- ,4 C]NNN excreted 73-91% of the dose in urine over 48 h. Less than 1% of the dose was 
detected in expired air (Chen et al., 1978; Hecht et al., 1981b). Male Syrian golden ham¬ 
sters that were given subcutaneous injections of 60 mg/kg bw [2’- ,4 C]NNN excreted 62-78% 
of the dose in urine over 48 h, 10% in faeces and <0.5% in expired air as 14 C0 2 (Hoffmann 
étal., 1981). Urine was also the major pathway of excrétion in male A/J mice after intraperi¬ 
toneal injection of 50 mg/kg bw [2’- 14 C]NNN (Hecht et al., 1981b). 

Metabolic pathways of NNN are summarized in Rgure 1. The métabolites formed initially 
resuit from hydroxylation of each position of the pyrrolidine ring, giving compounds 2-5, and 
from oxidation of the pyridine nitrogen, yiefding compound 1. 

2‘-Hydroxylatîon and 5'-hydroxylation are thought to be the major activation processes in 
NNN metabolism. 2'-Hydroxylation gives 2'-hydroxy-NNN (2), which is unstabie and tautomer- 
izes spontaneously to the electrophilic intermediate 8. This intermediate, which is also 
formed from 4-(methyinitrosamino)-1 -{3-pyridyl)-l -butanone (NNK) (see monograph, p. 209), 
induces mutations in Salmonella typhimurium (Chen étal., 1978: Hecht étal., 1983b). It also 
reacts with water to give 4-hydroxy-1-(3-pyridyl)-1-butanone (10), a major métabolite of NNN 
formed by rat-liver microsomes (Chen et al., 1978, 1979). Métabolite 10 is further oxidized 
in vivo to give 4-oxo-4-(3-pyridyl)butyric acid (13), a major urinary métabolite of NNN in rats, 
hamsters and mice (Chen et al., 1978). It accounted for 13-31% of a dose of NNN adminis- 
tered to Fischer 344 rats (Hecht et al., 1981b) and 15% of one given to Syrian golden ham¬ 
sters (Hoffmann et al., 1981). 

3’-Hydroxy|ation and 4’-hydr&xylation of NNN lead to the formation of the stable métab¬ 
olites, 3'- and 4’-hydroxy-NNN (3 and 4), which hâve been detected as minor urinary métab¬ 
olites in Fischer 344 rats and as minor products of metaboiism by Fischer 344 rat-liver 
microsomes (Hecht ef al., 1980a). 

5'-Hydroxylation yieids 5’-hydraxy-NNN (5), which is unstabie and tautomerizes spontan¬ 
eously to the electrophile 9. Since 5’-hydroxy-NNN ts unstabie, the corresponding acetate 
was tested, and was found to induce mutations in S. typhimurium (Chen et al., 1978). Reac¬ 
tion of-9 with water gives 2-hydroxy-5-(3-pyridyl)tetrahydrofuran (12), a major métabolite of 
NNN formed by rat-liver microsomes (Chen et al., 1978). Oxidation and ring-opening of this 
métabolite in vivo yield 4-hydroxy-4-(3-pyridyl)butyric açid (15), the principal urinary métabol¬ 
ite of NNN in rats (37-53% of the dose administered), hamsters (39% of the dose) and mice 
(Chen et al., 1978; Hecht et ai., 1981b; Hoffmann et al., 1981). 

Pyridine-W-oxidation of NNN gives NNN-1-W-oxide (1), a stable métabolite formed by Fisch¬ 
er 344 rat-iiver microsomes and excreted in the urine of Fischer 344 rats (7-11% of the dose 
administered) and Syrian golden hamsters (3% of the dose) (Hecht et al., 1980a, 1981b; Hof¬ 
fmann et al., 1981). Another urinary métabolite of NNN, norcotinine (5), constituted 3-5% of 
a dose administered to rats (Hecht ef al., 1981b). 
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Figure 1. Metabolism of NNN. Structures in brackets represent hypothetical intermediates* 



•From Heeht et al. (1981b). Compounds: 1. W-nitrosonomicotine-l-W-oxide (NNN-1-W-oxkte); 3, 3'-hydroxy-W-nitro- 
sooomicotina (3'-hydroxy-MNN): 4, 4’-hydroxy-W-nitrosonomi'catir>e (4‘-tiydroxy-NNN): S, norcolinlne; 7, myosmina; 
10, 4-hydroxy-1-(3-pyridyi)-1 -butanono; 11, 4-hydrôxy-l-(3^>yridy0butanBl; 12. 2-hydroxy-5^3-pyridyl)tefrahydro(uran; 
13, 4-ox(M-{3'pyridyl)butyric acid; 14, 44iydroxy-4-(3-pyridyl)-1-t>utanol; 15, 4-hydroxy-443-pyrïdyl)butyric acid; 16, 
5-{3-pyrtdyl)t0trahydrofuran-2-on0 


Metabolism of NNN by 2’- and 5’-hydroxy!ation bas been demonstrated in various ani¬ 
mal tissues. Cultured Fischer 344 rat oesophagus and nasal mucosa, target tissues in which 
NNN induces tumours, metaboiïzed NNN extensively, with preferential 2'-hydroxyiation; the 
2'- to 5’-hydroxylation ratios after 24 h were 3.4 and 1.8, respectively, as compared to 
a ratio of 0.3 in cultured Syrian golden hamster oesophagus, a non-target tissue (Hecht ef 
ai, 1982b; Brittebo et al., 1983). Pièces of rat nasal mucosa converted [2’- u C]NNN to tis- 
sue-bound métabolites more effîciently than either rat llver or oesophagus (Brittebo & Tjâlve, 
1981). In corroboration of these findings, Sprague-Dawley rats that recelved two intraven- 
ous injections of 0.18 mg/kg bw [2'- u C]NNN had greater tissue-bound radioactivity levels 
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in the nasal mucosa than in any other tissue one, 4 and 24 h after administration. Label- 
ling of DNA was detected in the iiver and in nasal mucosa (Lôfberg et al., 1982). Cultured 
A/J mouse peripheral lung principally metabolized NNN by 2'- and 5'-hydroxy!ation, giving a 
ratio of 2’- to 5’-hydroxyiation of 0.6 24 h after administration (Castonguay ef al., 1983a). 

The tevels of 2'- and 5’-hydroxylation of NNN in various tissues are affected by inducers 
of the cytochrome-P-450 mixed-funotion oxidase System. Pretreatment of Fischer 344 rats 
with 500 mg/kg bw Aroclor 1254 four days prior to killing resuited in a 20-fold induction of 
2’-hydroxylation and a 1.9-fold induction of 5'-hydroxylation in hepatic microsomes (Chen ef 
al., 1979). Pretreatment of Fischer 344 rats with 80 mg/kg bw perday phénobarbital intraperi- 
tonally for four days prior to killing increased hepatic microsomal 2'-hydroxylation 1.5-fold 
but had no affect on 5-hydroxylation; pretreatment of Syrian golden hamsters by the same 
protocol had no effect on 2'-hydroxylation but increased 5'-hydroxylation 2.5-fold: pretreat¬ 
ment of Fischer 344 rats with 20 mg/kg bw per day 3-methylcholanthrene intraperitoneally for 
four days prior to killing increased 2’-hydroxylatiOn 2.7-fold but caused a 2.2-fold decrease 
in 5'-hydroxylation in hepatic microsomes; no effect was observed in hamsters (McCoy et 
al., 1981b). 

Administration of a liquid diet, in which éthanol isocalorically replaced carbohydrate, to 
Syrian golden hamsters for four weeks resuited in a 1.8-fold increase in iiver microsomal 
5'-hydroxylation but did not affect 2'-hydroxylation. No effect of éthanol on NNN metabol- 
ism was observed in cultured trachéal rings {Chen ef ai, 1980; McCoy ef al., 1982). Treat- 
ment of male Fischer 344 rats with a liquid diet containing éthanol for four weeks caused 
a 1.5-fold increase in 2’-hydroxylation and a 1.7-fold increase in 5'-hydroxylation in cultured 
nasal mucosa; no effect was observed in cultured lingual mucosa or oesophagus {Caston¬ 
guay et al., 1984). Pretreatment of male Fischer 344 rats with a varlety of isothiocyanates 
and related compounds, eithef by gavage 2 h prior to killing or in the diet for two weeks 
prior to killing, generally caused an inhibition of 2’- and 5’-hydroxylation in cultured rat oesoph¬ 
agus (Chung ef al., 1984). 

Mutagenicity and other short-term tests 

In the presence of a Iiver microsomal préparation from Aroclor-induced rats, NNN (high- 
est dose tested, 2.5 i-imol/plate) caused a dose-dependent increase in mutations in Salmon¬ 
ella typhimurium TA100 (Bartsch et ai, 1980) and induced mutations in strain TA153Q at 
1000 ng/plate {5.7 umol/plate) (Andrews ef ai, 1978). 

NNN (lO -3 and 1Q' 2 M) induced unscheduled DNA synthesis in freshly isolated hépato¬ 
cytes from adult rats (Williams & Laspia, 1979). 

(b) Humans 

No data were available to the Working Group on toxic effects or on effects on reproduc¬ 
tion and prénatal toxicity. 

Absorption, distribution, excrétion and metabolism 

Human Iiver microsomes obtaîned from biopsies catalysed 2'- and 5'-bydroxylatïon of 
NNN and gave a 2'- to 5’-hydroxylation ratio of 0.6 (Hecht et at., 1979). Human tissues ob- 
tained at immédiate autopsy and cultured for 24 h with i2'- u C]NNN metabolized NNN to 
compounds 1 and 15 (see Fig. 1) by W-oxidation and 5'-hydroxyiation, respectively, as fol- 
iows (values in nmol/100 ug DNA): buccal mucosa, 0.2 ± 0.2 and 0.03 ± 0.03; trachea. 0.7 
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+ 0.7 and 0.2 + 0.1; oesophagus, 0.2 + 0.2 and 0.4 ± 0.9; bronchus, 0.8 + 1.1 and 0.9 
± 1.7; peripheral lung, 0.5 + 0.2 and 0.4 + 0.7; urinary bladder, 2.4 ± 3.4 and 1.1 ± 1.8. 
Métabolite 13 (see Fig. 1). formed by 2'-hydroxylation, was detected in only a few expiants. 
The ratio of compounds 1 to 15 was different in human tissues from that in the correspon- 
ding tissues of animais (Castonguay et al., 1983b). 

Mutagenicity and chromosomal effects 
No data were available to the Working Group. 

3.3 Case reports and epidemiologicat studies of carcinogenicity to humans 
No data were available to the Working Group. 


4. Summary of Data Reported and Evaluation 


4.1 Exposure data 

W-Nitrosonornicotine (NNN) has been found in a variety of tobacco products (chewtng 
tobacco, snuff, cigarettes and cigars), in maïnstream and sidestream smoke from cigars and 
cigarettes, in saliva of chewers of betel quid with tobacco and in saliva of orai-snuff users. 
Some of the NNN in saliva appears to be formed endogenously from nitrite in saliva and 
tobacco alkaloids. Thus, there is widespread exposure to NNN among users of tobacco Prod¬ 
ucts and those exposed to sidestream smoke. 


4.2 Experimental data 

NNN was tested for carcinogenicity in rats, mice and hamsters by different routes of 
administration in multiple experiments. Following its oral administration, NNN produced car- 
cinomas of the upper digestive tract, mainly the oesophagus, and of the nasal cavity in rats 
and nasal-cavity tumeurs in hamstprs. Following its subeutaneous administration, NNN pro¬ 
duced primariiy tumours of the nasal cavity in rats and tumours of the trachea in ham¬ 
sters. Intraperitoneal injection produced lung tumours in mice and tumours of the nasal cavity 
and trachea in hamsters. There was evidence of a dose-response relationship after sub¬ 
eutaneous administration of NNN to rats. 

Several métabolites of NNN were tested in mice by intraperitoneal injection, producing 
lung tumours. NNN-1-N-oxida was also tested in rats and hamsters by oral administration; 
it produced nasal-cavity and oesophageal tumours in rats. 

NNN is mutagenic to Salmonella typhimurium in the presence of an exogenous metabol- 
ic System, it induces unscheduled DNA synthesis în primary cultures of rat hépatocytes. 


•M 


4.3 Human data 

No case report or epidemiological study of the carcinogenicity of NNN was available to 
the Working Group. 




• v,V- *. ’T .w.'ii'HV ’IVj.J.V 1 


v .—wu V «- 


PM3001192193 


Source: https://www.industrydocuments.ucsf.edu/docs/rswk0001 











] 


s 

1 


Overall assessment of data trom short-term tests: W-Nitrosonomicotine* 
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*Tha groups into whfcti tha table Is divlded and '+' are dsfined on pp. 16-17 of tha Praatnbla; the dagraes of évi¬ 
dence ara defined on p. 16. 


4.4 Evaluation 1 

There is sufficient evidence 2 for the carcinogenicity of W -nitrosonornicotine to experimen¬ 
tal animais. 

No data on humans were available. 
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2 ln the absence of adéquate data on humans, ît is reasonable, for practicel purposes, to regard Chemicals for which 
there is sufficiont evidence of carcinogenicity in animais, as if they presented a carcinogenic risk to humans. 
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